Abstract -It is vital to assess the performance of emission computed tomography (ECT) systems prior to their use for clinical examinations. Generally, performance tests of ECT systems are time-consuming, expensive and require more than one phantom to scan and then analyse the data. There is nonavailability of such type of phantoms that can provide all necessary data for performance of some quality control (QC) tests from a single scan data. In this paper, commercially available emission computed tomography (ECT) phantoms are thoroughly reviewed. It is concluded that, there is a need of designing and construction of a time-saving and cost-effective new compact ECT phantom.
I. INTRODUCTION
Nuclear medicine imaging phantoms are specially designed and manufactured devices. The main function of phantoms is to examine the performance of nuclear medicine scaning systems before applying for patient studies [1] . Furthermore, it is unethical to use a patient as a subject in research studies that involve radiation sources. Thus, the use of a phantom has become an alternative for the researchers to continue their studies [1, 2] .
There is a number of commercially available test phantoms in nuclear medicine imaging field, for example, Jaszczak's, and R.A.Carlson's. With the use of phantom as the subject compared to human being, there are several advantages. First, the details of phantoms are already known, thus it makes it easier to investigate the image of the phantom. In addition to that, the phantom data facilitates image evalaution without encountering any artifacts in the image which appear due to the unintentional movemnt of patient. The patient movement leads to the generation of artifacts in the image and degrade the overall image quality [1, 3] . Phantoms allow to perform the study without any count and dose limitations which cannot be done in the case of patients due to patient dose consideration. Furthermore, usually, phantoms are constructed from a material with similar properties of human tissue, thus the data acquired can easily be compared.
II. EMISSION COMPUTED TOMOGRAPHY PHANTOMS

A. Single Photon Emission Computed Tomography
Phantoms 1) Spatial Resolution Phantom for SPECT Systems: The National Electrical Manufacturers Association (NEMA) recommends this spatial resolution phantom for the investigation of spatial resolution of SPECT systems [4] as shown in Fig. 3 . The phantom only measures line spread function (LSF). This phantom is made from acrylic material, which has a similar density of human tissue with two parts; a source tank of 20.3cm height by 20.3cm width and three stainless-steel tubes of 0.1 cm diameter can be filled with a 99m Tc radioactivity with any required amount of radioactivity. The cylinder of the phantom is filled with clean water as a scattering medium. 
2) Triple Line Source Phantom for SPECT Resolution:
Triple line source phantom is used for the SPECT resolution measurement in the presence of scattering medium as shown in Fig. 4 . This test is conducted as a part of acceptance and annual test (once in a year). The line sources are positioned along the axial direction of the cylindrical tank. These are available in the form of inserts of either 57 Co or hollow metal tubes can be filled with 99m Tc radioactivity. The inside diameter of line sources is less than 0.2cm [5] . 
3) NEMA SPECT Triple Line Source Phantom:
The phantom is constructed from polymethyl methacrylate (PMMA) transparent material by Capintec, Inc., as shown in Fig. 6 . This phantom can be used for assessment of error in the centre of rotation (COR) of gamma camera, assessment of the effect on spatial resolution of changes in radius of rotation, evaluation of scatter correction methods, and reconstruction filters. The dimensions of tank are; outer diameter 22.2cm, inner diameter 20.2cm, outside height 23.8cm, and inside height 20.0cm. The dimensions of line sources are; diameter 0.1cm, length 18.4cm. The distance between line sources is 7.5cm in the tank [7] . 
4) Flangeless Deluxe Jaszczak Phantom:
This phantom (as shown in Fig. 1 ) is used for routine quality control tests, acceptance tests, and evaluation of image reconstruction and attenuation & scatter compensation techniques. This phantom is manufactured by Data Spectrum Corporation, USA [6] . The phantom has two parts, cylindrical tank and insert (images of insert are shown in Fig. 2 ). The tank's inner diameter is 20.4cm, the inside depth is 18.6cm and the wall thickness is 0.64cm. The second part of phantom is an insert which consists of spheres and rods. The diameters of the rods are 0.48cm, 0.64cm, 0.79cm, 0.95cm, 0.111cm, and 0.117cm. The height of the all rods is same as 8.8cm, and solid spheres diameters are 0.95cm, 0.127cm, 0.159cm, 0.191cm, 0.254cm and 0.318cm, from the base plate height of centre of spheres is 12.7cm [6] . 
5) R.A Carlson Phantom:
The Carlson phantom is most commonly used to assess image contrast, uniformity, linearity and noise (Fig. 7) . Acrylic material is used for the construction of this phantom. The dimensions of the source tank are 20.32cm inner diameter, 21.59cm outer diameter and 30.48cm height. This phantom includes hot, cold and linearity inserts for performance parameters and quality control (QC) tests of gamma camera [8] . 
6) Jaszczak Circular Flanged Phantom:
This phantom (Fig. 8) look like same as the R.A Carlson's phantom, Jaszczak circular phantom is used to check protocols of SPECT procedures. With the help of this type of phantom, overall performance of different imaging systems is assessed. The phantom is comprised of two parts; source tank and inserts which are made of acrylic material. Inserts of phantom which consists rods and spheres of various diameter are applied to check the several imaging systems from low resolution to ultra-high resolution (Fig. 9) . The dimensions of the source tank of Jaszczak circular flanged phantom source tank are; inner diameter 21.6 cm, inside height 18.6cm and wall thickness of 0.32cm. The height of rods is 8.8cm and diameter of different rods varies in measurement [4]. (Fig. 10) is used for high spatial resolution SPECT and PET systems to assess the data acquisition using non-circular orbit and quality control test to calculate the accuracy of body contour and attenuation correction algorithms, spatial resolution variation within the FOV using portion of insert, lesion detectability, effect of Compton scatter on image quality and spatial resolution, as well as routine quality control tests. The phantom is developed by the Data Spectrum Corporation, USA. The inner diameter of the source tank along the major axis is 30.5cm, the inner diameter along the minor axis is 22.1cm, the inner depth is 18.6cm, and the wall thickness is 0.64cm. The specifications of insert of this phantom as shown in 
7) Jaszczak
Elliptical Phantom: This phantom
B. Positron Emission Tomography (PET) Phantoms 1) Triple-Point Source Phantom for Spatial Resolution:
The spatial resolution of the PET scanner in air is evaluated with this phantom. Vessel capillary pipes are usually used to produce point sources for assessing the spatial resolution. Three-point sources are positioned as shown in Fig.12 . The mid-point source is located at 0.1 mm off the centre of field of view [9] . 2) Esser Flangeless PET Phantom: This phantom is used for tumor detectability, acceptance test, routine quality and control assurance as shown in Fig.13 . In addition, this phantom is used to assess attenuation and scatter correction techniques. The dimensions of the source tank are; inner diameter 20.4cm, inner height of tank 18.6cm, and wall thickness of 0.64cm. The measurements of the PET Lid refillable thin-walled source tanks are 0.8cm, 1.2cm, 1.6cm, 2.59cm and the solid cylinder (Teflon R ) is 2.5cm and height is 4.5cm. The specifications of the insert (as shown in Fig.14) are; height of rods 8.8cm and diameters of rods are 0.48cm, 0.64cm, 0.79cm, 0.95cm, 1.11cm and 1.27cm. For solid spheres, the separation between the base plate with respect to the center of spheres is 12.7cm and the diameters of spheres are 0.95cm, 1.27cm, 1.59cm, 1.91cm, 2.54cm and 3.18cm [4]. 
III. ADVANTAGES AND DISADVANTAGES OF PHANTOMS
There are several advantages, the main advantage of using phantoms is that the details of the phantom are already known thus it makes easier to investigate or analyse the image of phantom. Furthermore, phantom data can help to minimize the uncertainties and errors of gamma camera. The imaging systems performance tests and QC tests can be performed with a known radioactivity distribution in the object. Phantom studies can be repeated and compared easily with the previous acquisitions without any fear of the amount of radiation dose. In addition, usually phantoms are constructed from the material which has similar properties of human tissue. Moreover, the data acquired by scanning of phantoms can be used for teaching purposes, student's demonstrations as well as research.
There are several QC and performance tests for imaging systems to perform to make sure that the imaging equipment is working well before the use for patient studies [1, 10 -12] . These tests are time consuming and expensive in terms of the type and quantity of radioactive material. The commercially available phantoms have some disadvantages, such as, no single phantom can provide all the required data for various tests from the single scan. Therefore, different phantoms are used, hence, more time and large amount of radioactive material is required to perform the tests. This situation forces technicians to spend more time on carrying the task, in some cases every morning.
Another disadvantage of phantoms which are currently used is the cover/cap of the source tank. The cover/cap is usually made of acrylic material and fixed on the tank by thumb screws which are mostly prepared from the same material (acrylic/plastic). If a phantom is used frequently and screws are tightened too much, quite often either screw break into the grove of source tank or the source tank is damaged, thus, phantom cannot be used. Therefore, the need of designing and development of new compact ECT phantoms has emerged, to perform most of the required QC tests for ECT imaging systems with a single phantom and overcome the technical problems of existing phantoms.
IV. SUGGESTIONS
The design and development of a compact hot/cold regions and spatial resolution/linearity insert is proposed. Also, the new design of the cap/cover of source tank can be designed and constructed with an easy locking and unlocking system instead of fixing with thumb screws made of acrylic material. With the development of a proposed new compact phantom a range of QC and imaging system performance tests, such as, spatial resolution, linearity, uniformity, image quality of hot & cold regions can be conducted. Furthermore, evaluation of image reconstruction, image enhancement, lesion detectability and scatter & attenuation correction techniques can be performed from the data of single scan of the phantom. Consequently, time and cost of taking all the QC and imaging system performance tests can be reduced. Additionally, the time spent by technicians on these assessments and money used on the purchase of radioactive material can be utilized for the better patientcare and other relevant services.
V. CONCLUSION
It is concluded that, designing and manufacturing of a new compact ECT phantom is needed to save the QC tests time and costs incurred in the purchase of radionuclides.
